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The eerie cry of a solitary loon on a fog-shrouded lake in
the Boundary Waters Canoe Wilderness Area. Tea-stained
water trickling over the rocks at lake Itasca's outlet, beginning
its 2348 mile journey to the sea in a little river that widens and
grows to become the mighty Mississippi, the "Father of All
Waters." The now darkened lighthouse at Split Rock, standing
silent watch while brisk winds stir the angry waters of
"Gitchigumi" below. This is Minnesota water.
Three hundred miles to the south, water trickles down
through crevices in the limestone, carrying with it chemical
signals from agricultural activities on the hilly terrain above.
In that cold dark rock, the percolating "new groundwater"
mixes gradually with ancient water that already was
underground before humans first hunted and gathered food
in nearby prairies more than ten thousand years ago. This too
is Minnesota water.
A spring rain that nourishes tiny seeds that become the
summer's wildflowers; a winter snow that covers barren
farmland like an eiderdown blanket; an urban lake crowded
with swimmers and sailboats, joggers and strollers drawn like
iron filings to its magnetic shore; a prairie pothole green with
algae; a backwater marsh noisy with geese. These all are parts
of Minnesota's diverse water resources.
The above pictures evoke images of the beauty and
diversity of Minnesota's water resources, but they cannot do
justice to the real thing. The collage of images gives just a hint
about the significance of water to the state. Minnesota; even
the name means water. A litany of statistics can be cited about
the state's diverse water resources and their central role in the
state's economy, well-being, and lifestyle. The state does not
have 10,000 lakes; it has more than 11,842 lakes greater than
10 acres in area, and many more small ponds. The largest
North American lake, Superior, forms its northeast border. It
is the headwaters for three major river systems, the
Mississippi, the Red River of the North, and the St. Lawrence.
Counting all its inland lakes, the state has many more miles
of shoreline than any other state. Minnesota has the most
boats per capita in the country. The list could go on and on.
In spite of the diversity and seeming abundance of water
in Minnesota, its water resources are not inexhaustible.
Shortages can and do occur, as we learned again during the
drought of 1988, the lingering effects of which continue to be
felt in late 1989. Moreover, contaminants from a myriad of
human activities threaten the quality of the state's surface
waters and groundwater supplies, and in some cases already
have caused significant use impairment.
The prominence of natural waters in the lives of
Minnesotans places a major responsibility on government
agencies to manage these resources wisely. It also provides
researchers with unparalleled opportunities to develop the
information base and understanding needed for effective
water management. Minnesota institutions historically have
met these responsibilities and capitalized on these
opportunities. The Legislature has passed forward-looking
laws on water protection and management. Its water
management agencies have strong records of leadership,
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innovation and efficiency. And its major research university,
the University of Minnesota, long has been an international
research leader in many water-related disciplines.
The invited articles in this issue paint a story that pictures
cannot; they illustrate the richness and sophistication of water
research activities underway in the state. The issue was
organized to commemorate the 25th anniversary of the
founding of the University of Minnesota Water Resources
Research Center (WRRC), one of 54 such centers or institutes
located at land grant universities in each state and four U.S.
territories. Collectively, they represent a unique federal-stateacademic partnership in promoting research on the nation's
water resources and professional training of water scientists,
engineers, and managers. Most of the centers, including the
University of Minnesota's WRRC, were founded in 1964, as a
result of the Water Resources Research Act, which was signed
into law by President Lyndon Johnson on July 17, 1964.
During the past 25 years, the WRRCs have been a significant
source of research support for academic researchers, have
produced thousands of reports and journal articles describing
the findings of their research projects, and have supported the
training of more than 20,000 students for careers in waterrelated fields. The University of Minnesota WRRC has
sponsored approximately 130 research projects and
published more than 150 reports during that time (a list of
publications is available from the Center). Topics of technical
reports range from improving irrigation efficiency and
innovative waste treatment technologies to economic
analyses of municipal water supplies and reviews of water
law. The Center supported some of the early water quality
studies on lake Superior, before the Sea Grant Program
began, and in the late 1970s it provided funds for seminal
research on groundwater contamination in the karst area of
southeastern Minnesota, an issue still of great concern today.
Several WRRC research projects have led to improved
management of lake eutrophication and lake acidification in
the state. The WRRC also publishes reports of broad interest
to the public, distributes a bimonthly newsletter, and
sponsors workshops and conferences on a variety of water
topics.
The 26 articles in this issue are organized into seven topical
groups. The first two groups describe tools for water
resources analysis: geographic methods to analyze the
variability of water resources in the spatial domain and
paleolimnological methods to analyze trends over geologic
time. The next four groups describe current research on the
major categories of water resources in Minnesota:
groundwater, lakes, running waters, and wetlands. The last
group includes papers that deal with planning, policy and
management aspects of the state's water resources.

Spatial Analyses
Minnesota's water resources are very extensive, occurring
in all regions of the state. Management of these resources
requires a spatial or geographic perspective. In some cases,
the spatial pattern may be defined on the basis of broad
"ecoregions." Troelstrup and Perry argue that in regions such
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as southeastern Minnesota effective management should
operate on a finer level of resolution. The spatial resolution
employed for management often will be limited by the
availability of data, but the effectiveness with which spatial
data are used may be improved through appropriate
application of Geographic Information Systems, described by
Brown and Gersmehl. Moore and Nieber discuss a series of
new techniques (Digital Terrain Analysis Models) that use
detailed spatial information and provide specific indices for
erosion control and management of nonpoint source
pollution.

Paleoanalysis
Minnesota lakes have biological and chemical
characteristics that vary predictably within various regions of
the state; these regions are directly related to the geological
history of the region. Wright discusses the use of
paleolimnology (analysis of micro-fossils and chemical
indicators in the sediment) to understand that history and
present-day patterns. Underhill shows how the present-day
distribution of fish populations in the state's surface waters
reflects the state's glacial history and helps us interpret that
history.

Groundwater
Minnesota's groundwater arguably is our least understood
water resource. We continue to rely on groundwater for
public water supply, irrigation, and many "natural" uses ( e.g.
maintenance of base flows in lakes and streams), but the
anthropogenic impacts to Minnesota groundwaters increase
daily. A prerequisite for rational management of any natural
resource is an understanding of the extent (magnitude) of the
resource, the stresses acting upon it, and the way it responds
to such stresses. The extent of the groundwater resource
(aquifer sizes and recharge rates) in the Twin Cities
metropolitan area is described by Schoenberg. Groundwater
withdrawals in the area have been increasing for the last 100
years, and withdrawals have approached (and possibly
exceeded) "sustainable supply" in some areas. Schoenberg
suggests that there may be increasing conflicts among users
as demands for water increase; this has great significance for
regional community planning.
Scientists and managers traditionally test for water quality
impacts through the use of an expensive "priority pollutant
scan." Alexander and Alexander demonstrate that tritium, 14C
and nitrate analyses can be used to estimate the relative ages
of groundwaters and infer the degree to which we are
impacting them. Anderson and his co-authors suggest that a
significant fraction of the nitrate in our groundwater comes
from inappropriate agricultural practices and conclude that
widespread adoption of"appropriate" management practices
would significantly decrease contamination. Contamination
of groundwater by viruses and pathogenic bacteria is of
concern in parts of southeastern Minnesota, as shown in the
paper by Goyal and co-authors. These authors also show that
organisms can serve as useful indicators of the source of
contamination.
As we attempt to develop management strategies from
information on contamination rates and sources, we need to
set priorities for action. Minnesota's new well-head
protection program provides limited funding for resolving
some contamination issues; the paper by Pfannkuch and coauthors provides a new metric and a new understanding of
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ways that managers might proceed in setting priorities for
well-head protection programs.

Lakes
Regional approaches, such as those discussed in the spatial
analysis section, can be useful in understanding and
managing lakes systems. For example, Heiskary and Wilson
apply the aquatic ecoregion approach to Minnesota lakes and
show that lake-water nutrient content varies regionally. In
turn, nutrient concentrations (especially phosphorus levels)
seem to reflect ( or control) many user-defined qualities, such
as desirability for swimming and fishing. Phosphorus
concentrations seem to be increasing in lakes of the Twin
Cities area, and according to Osgood and Oberts, are directly
related to impacts from urban and suburban development
(e.g., lawn fertilization). Both papers demonstrate that
effective management requires clearly-specified goals and
objectives, and the scale of data collection must be designed
in accord with those objectives.
Whiteside's paper on lake Itasca presents a summary of 30
years of research on the biology of the lake conducted by
faculty and students at the lake Itasca Forestry and Biological
Station. The analysis demonstrates that changes have
occurred in four species of the fish community, possibly in
response to heavy fishing, but no changes have been
observed in lower levels of the food web. Stefan presents an
overview of water quality modeling and describes a
simulation model called MINIAKE that may provide insights
into ways that different types of lakes will respond to various
management strategies, including reductions in phosphorus
loading.
The stresses to which Minnesota lakes are exposed are
wide ranging and complex. Twaroski and co-authors discuss
lake acidification, while Swain and Helwig discuss mercury
contamination, which are serious concerns in northeastern
Minnesota. Both papers argue that long range transport of air
pollutants is impacting Minnesota lakes; the research
summarized in the papers has greatly enhanced our
understanding of the causes and extent of these problems in
the region. Finally, McNaught describes work that has been
conducted in lake Superior in conjunction with the Sea Grant
College Program. This effort has served as the principal
guiding force and funding mechanism for research on
Minnesota's largest lake over the past decade.

Wetlands
More than 30 percent of Minnesota land area is "wetland,"
including peatlands and lacustrine wetland bays. That
resource is threatened by contamination, by physical
alteration such as drainage and mining, and by a variety of
other anthropogenic influences. But those wetlands also offer
refuges for wildlife, high diversities of plants and animals, and
mitigate against rapid changes in water supplies. Brooks and
Kreft suggest that the characteristics of a wetland/upland
watershed control the system's hydrologic responses to peat
mining. Such mining is likely to be a significant influence in
the future of Minnesota peatlands, and Brooks' model of
peatland hydrology will be a valuable tool for predicting
mining impacts. Johnston's paper shows that there are many
other threats to wetlands. She argues that geographic
information systems should be used as management tools to
understand those impacts and to guide decision-making.
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Rivers and Streams
Minnesota's great rivers (i.e., the Red River of the North,
Mississippi, St. Croix and Minnesota) provide large volumes
of water for hydropower and irrigation. In addition, the
quality of those rivers is such that they provide resources for
recreation and fishing, waste disposal, and drinking water.
Arndt and Gulliver discuss the history and potential for
hydropower production in Minnesota and describe
engineering studies to improve the economics of power
production from small, low-head dams. Johnson and Aasen
discuss the oxygen content of the Mississippi River water in
relation to the history of waste treatment in the Twin Cities
Metropolitan area. They document the major changes that
have occurred as society has devoted more efforts to
protecting its water resources. Changes in treatment practices
represent massive investments on the part of taxpayers, and
the ability to document improvements in the quality of the
river is critical to justify these investments. Fremling discusses
the changes in river mayfly populations through a similar area
and time frame and argues that emergence patterns of aquatic
insects provide a metric of ecosystem health.
Minnesota lakes are well-known for their fish populations.
Fish populations in the state's major rivers are not so well
understood but are no less important to the state's fishing
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industry. Swenson and co-authors describe the fish
community in the Mississippi River near Monticello and
discuss the influence of streamflow on abundance and
recruitment of smallmouth bass.

Water Management, Economics, and Planning
Quade and Barrett describe an ongoing process in which
local and regional planners, working in cooperation with
state agencies, are developing comprehensive plans for a
consortium of counties in south-central Minnesota. Easter
and Becker discuss interbasin transfers of water, which
involve both economic and political decisions, and their
influence on water resource planning in Minnesota. Finally,
Yelin and Orning present a history of the Legislative
Commission on Minnesota Resources, a unique Minnesota
institution that has provided a funding mechanism for many
innovative research projects and planning/management
initiatives since 1963.
The editors would like to express their sincere thanks to
the authors who have contributed their time and expertise to
this issue. We especialiy appreciate their cooperation in
meeting deadlines and editing their manuscripts to fit within
the scope of this issue.
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